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ABSTRACT 

Globally shrimp culture is among the most rapidly expanding food-producing industries, but the yield is 

becoming more and more affected by global climate change and the environmental stressors. The study 

quantifies the implications of regulated. Better management Practices (BMPs) on growth performance, 

survivability, feed conversion efficiency and comprehensive production of Litopenaeus vannamei cultured 

in pre and post-monsoon seasons under semi-intensive cultivation. The four grow-out ponds (2 acres 

each; 25 PLm-2) were observed in two full experimental cycles. Uniform BMPs, such as pond pre-

stocking management, water exchange, standardized stocking densities, water quality regulation, feeding 

regimens, aeration and biosecurity, were mandated to control for climatic effects during  seasons. Growth 

was measured at 15-day intervals from 30 days of culture (DOC). The growth metrics, including Average 

Body Weight (ABW), Daily Weight Gain (DWG), and Specific Growth Rate (SGR) did not vary 

significantly between seasons and were within the optimal commercial ranges in both periods. But strong 

seasonal variations was noted in the survival rates, total biomass and productivity  rates. The statistical 

analysis (Welch t-tests and Mann-Whitney U tests) proved that biomass reduction under post-monsoon 

climatic conditions was induced by survival rather than a failed somatic growth. These statistics shows 

that BMPs are effective in sustaining seasonal growth performance, regulating seasonal stress impacts and 

contributing to reliable production across variable climatic conditions. This result shows that the 

resilience of L.vannamei under BMPs provides actionable insights for climatic-adaptive shrimp 

aquaculture. 
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INTRODUCTION 

The shrimp industry is one of the most important and booming aquaculture industries in the world, which 

is ranked among the top sources of national revenue for certain countries (Mansour et al., 2022; 

Mirbakhsh et al., 2023). Due to the continuous decline in wild catch, farmed shrimps have fulfilled the 

demand for the shrimp in recent years (Boyd et al., 2020). Countries like China, India, Thailand, America, 

Malaysia, Indonesia, Peru, Colombia, and Philippines have emerged as major producers (Belton et al., 

2018; FAO, 2020: Joffre et al., 2019; UI Hassan et al., 2021). Shrimp farming is more profitable sector 

than compared to agriculture sector due to its short production cycle between 100-120 days (Rao et al., 

2021) and provides a wide range of economic benefits, food security, livelihood, and the well-being of 

fisherfolk, fish farmers and processors which given the high value and premium status of shrimp as a 

sought after food production (Macusi et al., 2022; Notohamijoyo, 2023). 

Among farmed shrimp species, L. vannamei is the most dominant, economically important and highest 

ranking species in terms of traded seafood commodities, as well as the most widely cultivated shrimp 
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species globally to meet the demand (Huang et al., 2020; Hussain et al., 2020; Phan, T.C. et al., 2023; 

Ratti & Kunda, 2025; Ren et al., 2020: Richardson et al., 2021: Zhou et al., 2020). This species has 

sustained demand in both domestic and export markets (Fan & Li, 2019; UI Hassan et al., 2021). It 

gained familiarity among all other farmed shrimps due to availability of specific pathogen-free (SPF) 

seeds (Arisekar et al., 2022; Ye et al., 2023) wide consumer demands, ease of cultivation, rapid growth 

rate, (Putra et al., 2018), and its tender fleshness (Ayiku, 2020). In addition, it is the most lucrative 

commercial crustacean consumed by people globally, due to its  good protein source, balanced amino 

acids, unsaturated fatty acids, vitamins and dietary minerals which plays a great role in human nutritional 

needs (Arisekar et al., 2022; Cornejo-Grandson et al., 2018: Swamy.Durai & Shamili, 2022: V. Durai et 

al., 2022; Eissa et al., 2022 Yassien et al., 2021). India, in particular, has seen tremendous growth in 

L.vannamei production, and the species contributes the majority share of national shrimp exports. During 

fiscal year 2023-24, frozen shrimp exports totaled 716004 MT, worth US$ 4881.27 million. The USA is 

the single largest importer of frozen shrimp (295571 MT), followed by China (148483 MT), the European 

Union (89697 MT), Southeast Asia (52254 MT), Japan (35906 MT), Middle East (2851 MT), and others 

(63521 MT) (MPEDA, 2024). Furthermore, India has 1.24 million ha of brackish water area spread over 

coastal states and Union territories. Inland fisheries have expanded in absolute terms, although its full 

potential has not to be realized yet (Department of Fisheries, 2025). Andhra Pradesh alone contributes for 

over half of India’s registered shrimp farms (22634/48.9%), showing the species economic importance at 

both regional and national levels (CAA, 2024). 

However, the increased intensification of shrimp farming has made production systems more vulnerable 

to environmental deterioration, water quality fluctuations and disease outbreaks. These issues are further 

exacerbated by climatic changes, which is anticipated to intensify by 2050 and is already exerting 

significant influence through increasing sea levels, temperature changes, irregular precipitation, increased 

storm frequency, floods, drought and cyclones (Das et al., 2016; Engelhard et al., 2022; IPCC, 2018; 

Zacharia et al., 2016). These climatic stressors have a direct impact on shrimp physiology, metabolism,  

and survival, which indirectly affecting pond productivity, growth performance, survival rates, water 

quality and overall ecosystem balance (Adhikari et al., 2018; Maulu et al.,2021). 

Given these multifaceted issues, Better Management Practices (BMPs) have been recognized as critical 

frameworks for promoting sustainability and enhance economic viability in shrimp farming (Pashudhan 

Praharee 2020). BMPs were jointly developed by international organizations including FAO, NACA, 

World bank, WWF and UNEP (Philips & Subasinghe, 2006). BMPs include systematic criteria for site 

selection, pond preparation, seed quality, stocking density, feed & water management, biosecurity and 

responsible harvesting (Jagadeesh et al., 2020: Jarh et al., 2024). In India, extensive promotions of BMPs 

promoted through the national center for sustainability aquaculture (NaCSA). This considerably improved 

farm-level outcomes by lowering production risks and encouraging environmental stewardship 

(Sivaraman et al., 2019). 

L.vannamei growth is influenced by combination of intrinsic factors such as age, sex, and physiological 

maturity, as well as extrinsic factors such as water quality, feed quality, stocking density and toxic 

metabolites (Suwoyo & Henrajat, 2021). Inadequate awareness or partial implementation of BMPs 

continues to be a key cause to crop failure, low growth, and mortality in many farming locations 

(Kumaran et al., 2017, 2021). In contrast, consistent adoption of scientifically designed BMPs is related 

with improved growth rates, enhanced feed conversion ratios, better survival, and resilient production 

systems (Aisyah et al., 2023; Haque et al., 2025). However, there is paucity of research done in 

implementing BMPs to mitigate climate change. 

 

MATERIALS AND METHODS 

Experimental site 

The present study was carried out for 120 days in two culture cycles, which were examined during (2024 

– 2025) in Pre- monsoon (February – May) and Post-monsoon (September – December) seasons, in four 
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semi-intensive culture ponds (Ponds A-D), located at Alluru village, Prakasam district, Andhra Pradesh, 

India. Each pond having an area of 2.0 acres (8093.71 m2/ 0.809 ha), were taken for this experiment. The 

depth maintained between 1.2-1.6 m. Water intake was carried out by screening at the main sluice and 

individual pond inlet with a double layer of fine mesh filter net 40 μm to eliminate unwanted entry of fish 

seed and debris. All four cultured ponds were managed under uniform BMPs, ensuring the climatic 

variation remained the only major source of difference between cycles. 

Better Management Practices (BMPs) 

Pond preparation and fertilizers 

Pond preparation was carried out as per BMP guidelines (MPEDA, 2023). All the ponds were allowed to 

dry in the sun for nearly 30 days until the soil cracked. After complete drying, the soil surface was 

subjected to Ploughing and tilling. It was done two times with the gap of four days to remove the 

entrapped toxic gases and for enhancement of fertility of the pond bottom. After completion of this 

process, the ponds were filled with water within 4 days from nearby estuarine canal and top-up using 

motor pumps. After filling the pond, disinfection with bleaching powder (CaOCl3) at the rate of 400 kg ha 
−1 was carried out as a part of the biosecurity measures. Lime (CaCO3) was applied to nullify the acidity 

of the soil, followed by bleaching application to all ponds at the rate of 200 kg ha−1. It is applied to 

increase an overall alkalinity and hardness concentration that enhances primary productivity. Organic 

fertilizers like dry pond manure were distributed on the pond bottom before filling with water. Liming and 

Fertilization was carried out at an interval of 7 and 15 days respectively during the whole culture period.  

Seed stocking 

Healthy and disease free post larvae (PL) collected from Certified Private Hatchery and transported to the 

experiment site, in oxygenated double- covered polythene bags. They were confirmed negative for the 

White Spot Syndrome Virus (WSSV) and Taura Syndrome Virus (TSV) through Polymerase Chain 

Reaction (PCR Assay) before packing. Shrimp PL weighing 0.02g were stocked at size of 12 PL after 

20:00 hrs, with stocking density of 25 m-2. After obtaining the seed bags, they were acclimatized for 30 

min and released to the culture pond. 

Water quality management 

Minimal water exchange was performed in the farms to reduce the risk of disease contamination. Only 8-

15 % of water was exchanged per day. When the pond water is clear in early stages of culture a mixture of 

jaggery, rice bran and yeast of 25 kg+10kg+0.25 kg ha−1 were added to get bloom. To reduce the bloom 

10 cm of top water was changed. To maintain optimal pH values (7.5 – 8.3) liming was done to increase 

pH whereas molasses is added to reduce the pH. After every water intake or exchange and after rains, 

Agrilime (100 Kg ha−1) was mixed with water and applied throughout the pond. It acts as a buffering 

agent for water.  

Feed management 

A good quality commercial feed obtained from “Sandhya Marines Limited” (crude protein, CP 35-36%; 

crude fat, CFat-5%; crude fiber, CF-3% and moisture-11%) was given to the shrimp for 120 days of 

culture. During the first 30 days of culture, the shrimp were given feed number 0 and then followed by 

feed number 1 in the form of crumble by blind feeding. For next 30 days the shrimp were fed with 2 

number crumble feed. Then along with the increase in their size, the shrimp was fed with 3 number pellet 

feed. The feed was broadcasted all over the pond by using boat. Two check trays were used to maintain 

for proper feed management. Feed was adjusted based on the expected survival and biomass. The shrimp 

were fed with apparent satiation four times a day (07:00am; 10:00am; 02:00pm and 5:00 pm), and the 

amount of feed was based on the expected growth and feed conversion rate. Feeding was reduced during 

periods of low DO, plankton crash, rain fall, molting, and extremes of temperature and during disease 

outbreaks. Check trays were installed after 10 days of stocking and monitor the feeding from 20 days. 

Aerators were turned off just before feeding until 2 hrs after feeding. 
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Aeration management 

Eight paddle wheel aerators (1 HP) were provided in each grow-out pond will used to run 6 h per day 

initially and increased the run time (8-15 h) based upon the biomass. The use of aerators in pond has a 

strong influence on the maximum yield that can be achieved from the pond. Aerators were fixed 3 m 

away from the dyke. It was maintained 80 to 100 RPM and positioned correctly and operated efficiently 

to minimize pond dike erosion and suspension of pond bottom sediments. It was positioned in clockwise 

direction which encourages the maximum water flow within the pond adequate to concentrate waste in 

the centre of the pond and provide a clean feeding area. 

Biosecurity management 

Foot baths and wheel baths were carried out by the disinfect solution (KmnO4), which was placed at the 

entrance of each pond. Hand-wash stations were installed. Sampling was carried with separate sampling 

bottles in each pond. Farmers/workers avoided getting in to ponds unless it is very necessary. Crab 

fencing and bird fencing were made.  

Sampling and Growth assessment 

To monitor the shrimp growth, Sampling was carried out 30 days after stocking by cast netting, 20 shrimp 

samples randomly at different locations from each pond during 06:00–09:00 h and sampling was 

continued through-out the whole culture period at 15 days interval. The weight of the shrimp from each 

grow-out pond was measured using a digital scale (Citizen, Model: CG 1202 L) at a precision of 0.01 g. 

The shrimp were cultured for 120 days until attains marketable size. To ensure complete harvest, the 

shrimp were harvested initially by netting and any reaming individuals were harvested by complete 

draining of the grow-out ponds and hand picking any remaining ones. All shrimps harvested from each 

pond were weighed and sampled to determine the number of shrimps at harvest. 

Growth and productivity performances were evaluated in terms of following:  

Average Body Weight (ABW) = Total Biomass (g)/ no. of surviving shrimp 

Daily Weight Gain (DWG; g d−1) = (mean final weight (g) – mean initial weight (g))/ rearing duration in 

days 

Specific Growth Rate (SGR; % d−1) = [(ln final weight (g) – ln initial weight (g)) × 100] / rearing 

duration in days 

Feed Conversion Ratio (FCR) = feed consumed (dry wt.)/ live wt. gain (wet wt.) 

Survival Rate (SR; %) = (number of shrimp harvested/number of shrimp stocked) × 100 

Total Biomass (g) = final ABW x no. of shrimp survivors 

Productivity (kg ha-1) = Total Biomass (kg/ha)/ Pond area (ha) 

 

Statistical analysis 

All quantitative data obtained from the culture systems were expressed as mean ± Standard Deviation 

(SD); n=4. Season wise comparisons were made using Welch t-test for normal distributed variances and 

Mann-Whitney U tests for non-parametric variables. Statistical significance was taken into consideration 

at p < 0.05. Effect sizes (Cohen’s d and rank-biseral correlation) were calculated to assess the magnitude 

of differences. 

 

RESULTS  

Across two seasons, the growth performance in L. vannamei grow-out ponds assumed the expected rate of 

a sigmoidal curve typical of penaeid shrimp, where the biomass increased rapidly at initial days of culture 

(0-75) and gradually slowed at the end of the growth cycle (105-120) until at harvest. Implementations of 

uniform BMPs in grow-out ponds across two seasons with stocking density (25 m-2), evidence based 

feeding regimens, continuous aeration and strict biosecurity practices resulted in similar body-weight gain 

across ponds within each single season. Growth metrics such as ABW, DWG and SGR exhibited very 

similar trends in the pre and post monsoon seasons, and relative seasonal differences in the indices of 
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somatic growth were very small.  Table 1 shows the comprehensive growth data collected at the end of all 

the grow-out ponds across two seasons. 

 

Table 1: Seasonal variation in growth performance and production metrics, of Litopenaeus 

vannamei: statistical comparison of pre- and post-monsoon periods 

Metric  
Pre-

Monsoon 

Post-

Monsoon 

Test 

Used 
Difference 

P 

Value 
Significance 

Effect 

Size 

Average 

Final (g  

ABW) 

Mean 

Range 

33.92 ± 

0.51 

33.23 to 

34.45 

33.05 ± 

0.24 

32.74 to 

33.30 

Welch t-

test 
0.87 g ↑ 0.0222 * 2.164 

DWG (g 

d−1) 

Mean 

Range 

0.280 ± 

0.005 

0.276 – 

0.286 

0.275 ± 

0.015 

0.272 – 

0.277 

Welch t-

test 
0.005 ↑ 0.0213 * 2.188 

SGR (% 

d−1) 

Mean 

Range 

6.12 ± 

0.15 

5.89 – 

6.21 

5.81 ± 

0.28 

5.59 – 

6.18 

Mann 

Whitney 

U 

0.31 ↑ 0.0796 NS 
-

0.812 

FCR 
Mean 

Range 

1.36 ± 

0.08 

1.28 – 

1.44 

1.36 ± 

0.01 

1.36 – 

1.37 

Mann 

Whitney 

U 

0.005 ↓ 1.0000 NS - 

SR % 
Mean 

Range 

87.74 ± 

1.14 

86.23 – 

88.83 

81.97 ± 

1.60 

80.70 – 

84.16 

Welch t-

test 
5.77 ↑ 0.0011 ** 4.139 

Total 

biomass (kg 

ha-1) 

Mean 

Range 

6021.9 ± 

124.97 

5914.88 

– 

6192.09 

5482.35 ± 

88.31 

5385.33 – 

5575.36 

Welch t-

test 
539.6 ↑ 0.0004 *** 4.986 

Productivity 

(kg ha-1) 

Mean 

Range 

7443.64 

± 154.47 

7311.35 

– 

7654.00 

6852.94 ± 

110.39 

6731.66 – 

7311.35 

Welch t-

test 
590.7 ↑ 0.0008 *** 4.400 

All values are expressed as Mean ± Standard Deviation (SD); n=4 (number of ponds/season) 

↑indicates higher value; ↓indicates lower value 

= p < 0.05, ** = p< 0.01, *** p<0.001, NS indicates not significant = p > 0.05 

ABW: Average Body Weight, DWG:  Daily Weight Gain, SGR: Specific Growth Rate, SR: Survival rate, 

FCR: Feed Conversion Ratio. 

 

Average Body Weight (ABW) 

The final ABW values resulted in uniform growth in all ponds across two seasons under same BMPs 

implementation. From table 1 we can observe the pre and post-monsoon shrimp had final weights ranging 

from 33.23 to 34.5 g and 32.74 to 33.30 g respectively. With mean average of 33.92 ± 0.51 g (pre-

monsoon) and 33.05 ± 0.24 g (post-monsoon) (Fig. 1). 
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Statistical analysis Welch t-test (t6=3.060, p=0.0222) showed statically significant difference in seasons 

with a large effect size of Cohen d=2.164. This marginal, yet significant pre-monsoon weight difference 

(0.87 g difference) does not confirm to the original hypothesis of growth inhibition of the season during 

the post-monsoon season. This smaller coefficient of variation in the post-monsoon ponds (0.7% vs. 1.5) 

indicates fewer individuals varying in their growth despite climate change across both seasons, which 

may indicate greater adaptive stability or equal distribution of resources in low population density. 

 

 
Fig. 1. Variation in Average Final ABW (g) of L.vannamei between Pre- and Post-monsoon seasons 

 

Daily Weight Gain (DWG) 

The values of DWG were not climatic/season specific. From table 1 we can observe the pre and post-

monsoon shrimp had final weights ranging from 0.276 to 0.286 g d−1 and 0.272 to 0.277 g d−1respectively, 

and consistent between ponds proves that the DWG patterns could be reproduced in each season to a high 

degree. With mean average of 0.280 ± 0.005 g d−1 (pre-monsoon) and 0.275 ± 0.015 g d−1 (Fig. 2). 

Statistical analysis Welch t-test (t6=3.095, p=0.0213, Cohen d=2.188) showed that there was statistical 

significant marginal difference in pre-monsoon performance. Nevertheless, the applied significance of 

this difference (0.005 g d−1 to 0.06 g d−1 in 120 days) is significant in comparison with the final body 

weight.  

 
Fig. 2. Variation in Mean DWG (g day−1 ) of L.vannamei between Pre- and Post-monsoon seasons 
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Specific Growth Rate (SGR) 

SGR (% d−1) exhibited limited variation across two seasons and in culture ponds. From table 1 we can 

observe the pre and post-monsoon shrimp had final SGR ranging from 5.89 to 6.21 g (% d−1) and 5.59 to 

6.18 g (% d−1) respectively. With mean 6.12 ± 0.15 g (% d−1) (pre-monsoon) and 5.81 ± 0.028 g (% d−1) 

(Fig. 3). Statistical analysis Mann-Whitney U-test (U=14.5, p=0.0796) showed no statistically difference 

between two seasons.  

 
Fig. 3. Variation in Final Mean SGR (% day−1 ) of L.vannamei between Pre- and Post-monsoon 

seasons  

 

Feed Conversion Ratio (FCR) 

Feed ratio kept in the optimum commercial ranges in both seasons and varied with an insignificant 

difference which ranging from 1.28 to 1.44 in pre-monsoon and 1.36-1.37 in post-monsoon periods, 

averaging 1.36 ± 0.08 and 1.36 ± 0.01 (Fig. 4) 

Statistical analysis Mann-Whitney U-test (U=8.0, p=1.0000) did not show statistically significant 

difference. FCR in the post-monsoon period was remarkably consistent, implying that there were effective 

feeding management guidelines regardless of seasonal conditions. 

 
Fig. 4. Variation in Mean FCR of L.vannamei between Pre- and Post-monsoon seasons 
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Survival Rate (%) 

The only growth related parameter that had a statistically significant and biologically significant seasonal 

difference was survival. Unlike growth measures that were similar across seasons, there was strong 

seasonal adaptability in survival. From table 1 we can observe the pre and post-monsoon shrimp had final 

survival rate % ranging from 86.23 to 88.83 and 80.70 to 80.84 respectively, With averaging 87.74  ± 1.14 

% (pre-monsoon) and 81.97 ± 1.60 %  (post-monsoon) (Fig. 5). 

Statistical analysis Welch t-test (t6=5.854, p=0.0011, Cohen d=4.139) indicated that a large and very 

significant seasonal effect was present. The absolute mortality increments (5.77 % decreases during the 

post-monsoon) is estimation of loss about 11,700 animals per culture pond (of the initial 182,000 to 

171,000 animals surviving) over culture period. This disparity was uniform to all four post-monsoon 

ponds implying great and non-random seasonal mortality. 

 
Fig. 5. Variation in Final Mean SR% of L.vannamei between Pre- and Post-monsoon seasons 

 

Total Biomass 

The expected linear increments on total biomass was directly related to ABW x survival. The two drivers 

(weight of individual and population density) produced dissimilar production outputs across seasons. 

From table 1 we can observe the pre and post-monsoon shrimp had Total biomass ranging from 5914.88 

to 6192.09 and 5385.33 to 5575.36  respectively, With averaging 6021 ± 124.97 kg (pre-monsoon) and 

5482.35 ± 88.31 kg  (post-monsoon) (Fig. 6). 

Statistical analysis Welch t-test (t6=7.052, p=0.0004, Cohen d=4.986) demonstrated that the seasonal 

difference was highly significant and the effect size is very large. The pre-monsoon benefit was 539.55 

kg/p (8.9% production growth) or 5395 kg ha-1 in terms of per-area value. 

To test the effect of growth and survival on the difference in biomass, we tested the effect of each 

parameter by using the formula: 

Biomass Change = (ABW Pre – ABW Post) x survival post + ABW Pre x (Survival Pre-Survival Post) 

substituting empirical values: 

• Growth contribution: (33.92 – 33.05) x 181,970 = 157,894 kg 

• Survival contribution: 33.92 x (87.74 – 81.97) x (per-pond stock of -180k) = 337,655 kg 

A significant part 86 % of the biomass in post-monsoon ponds is due to reduced survivability, only a 

small fraction 14% of the biomass loss is due to marginal differences in individual growth. This 

observation is significant in the analysis of seasonal production patterns which post-monsoon productivity 

difference is a survival driven, rather than a growth difference. 
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Fig. 6. Variation in Mean Total Biomass (kg pond -1) of L.vannamei between Pre- and Post-monsoon 

seasons 

 

Productivity  

Productivity is determined as total biomass divided by pond area (0.809 ha/ pond), thus normalizing the 

results to compare across inter-sites and be able to benchmark against industrial standards. From table 1 

the pre-monsoon productivity ranging from 7311.35 to 7654.00 kg ha-1 with averaging 7443.64 ± 154.47 

kg ha-1 to 6852.94 ± 110.39 kg ha-1 (Fig.7). 

Statistical analysis Welch t-test (t6=6.223, p=0.008, Cohen d=4.400) revealed the presence of a very 

significant seasonal difference with a massive effect size. The overall productivity difference was 590.70 

kg ha-1 (7.9% reduction in post-monsoon) which is very significant economic cost to the commercial 

producers. 

 
Fig. 7. Variation in Final Mean productivity (kg ha-1) of L.vannamei between Pre- and Post-

monsoon seasons 
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DISCUSSION 

BMP-Regulated resilience of somatic growth 

 The seasonal variation of ABW and DWG was statistically different, however, the absolute difference 

(0.87 g ABW; 0.005 g d-1 DWG) was biologically insignificant. These values are pretty close to the 

commercial expectations of harvest (30-35 g) and they demonstrate that BMPs ensured ease of access to 

feed, and metabolic performance across seasons. 

The non significant change in SGR also substantiates the observation that the exponential growth was not 

crippled by the climatic changes in the physiological power of extending such growth. This follows the 

past publications stating the significance of stable somatic development in L. vannamei in an unstable 

environment by employing strict feeding, aeration, and water-quality management (Aisyah et al., 2023; 

Zhou et al., 2020; Huang et al., 2020).  

Feed Conversion efficiency and seasonal resilience 

The seasonal difference in FCR was not significant (1.36) and the seasonal difference in post-monsoon 

ponds was not significant (SD =0.01). This excellent stability is a measure of efficacy in check-tray 

feeding, adjustment of the ration based on consumption observed, and standardized progression of the 

feed size in the prevention of feed wastage, even in high mortality during the post-monsoon. These 

outcomes are consistent with the previous findings, which optimized feeding strategies reduce the impact 

of climatic stress on the feed consumption (Haque et al., 2025; Hussain et al., 2021; Mansour et al., 

2022). 

This shows that the FCR survived under low conditions of survival, which shows that the BMPs actually 

succeeded in keeping the feed efficiency from fluctuations in real time biomass, which is an important 

indicator of the climate adaptive management. Likewise, this observation has been made with the accurate 

feeding, consistent checking, and avoidance of overfeeding during the stressful climatic seasons (Eissa et 

al., 2022). 

Survivability  

Survival rate was decreasing significantly and statistically significant reduction in the post monsoon 

season (87.74 to 81.97) which is translated to loss of approximately 11,700 shrimp per pond as compared 

to growth and feed consumption. 

This tendency prevailed in all the post monsoon ponds and as a consequence, the systemic climatic 

factors and not administrative misalignments. 

The penaeid shrimp has been reported to be affected by  climatic conditions that define the post-monsoon 

season causing physiological stress, immunosuppression, and diseases, which include variable salinity, 

decreased thermal stability and hydrological stress (Adhikari et al., 2018; Maulu et al., 2021; Abu Samah 

et al., 2021). Survival rate will decreased, as the season changes, L. vannamei is more vulnerable to 

osmotic and thermal shocks despite its adaptability (Ye et al., 2023; Ul Hassan et al., 2021). 

Biomass and Productivity 

The biomass and productivity decreased significantly by 539.6 kg pond-1 and 590.7 kg ha-1, respectively. 

These losses indicated that 86 percent of the loss was attributable to a decreased survival but only 14 

percent was attributable to individual differences in development. 

This determines that the stunted growth performance did not cause the shortages in the production but it 

was majorly caused by negative population growth. This effect has been observed in the related literature 

where moderate alterations in survival had a biased effect of total harvestable biomass (Durai et al., 2022; 

Nisar et al., 2021).  

Improving BMPs to Climate-resilient Aquaculture. 

Recent literatures suggest that a number of improvements are recommended to enhance climate resilience 

including: Strengthened biosecurity and prevention of diseases (Sivaraman et al., 2019), Improved 

salinity buffering as well as aeration (Saraswathy et al., 2022), Probiotic and Immunostimulant adaptive 

feeding supplementation during high-risk periods (Ayiku et al., 2020; Eissa et al., 2022), Climate based 

scheduling of the production cycles to avoid overexposure to extreme exposure to post-monsoons. A 
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combination of these factors may render mortality and stabilize production without the demerits of the 

existing BMP systems. 

 

CONCLUSION 

The study showed that the standardized application of BMPs were successful in stabilizing the somatic 

development of performance and feed efficiency of Litopenaeus vannamei in two opposite climatic 

seasons. The main growth parameters like ABW, DWG and SGR fell in the optimum commercial ranges 

across two seasons but had slight seasonal variations. Consistent FCR was maintained, survival on the 

other hand, showed a strong seasonal decrease during the post-monsoon with repercussions in massive 

losses in biomass and productivity. There is a necessity having additional climatic-adaptive interventions 

to strengthen BMPs. 
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